We propose a new family of high order accurate finite volume schemes devoted to solve one-dimensional steady-state hyperbolic systems. High-accuracy (up to the sixth-order presently) is achieved thanks to polynomial reconstructions while stability is provided with an a posteriori MOOD method which controls the cell polynomial degree for eliminating non-physical oscillations in the vicinity of discontinuities. Such a procedure demands the determination of a detector chain to discriminate between troubled and valid cells, a cascade of polynomial degrees to be successively tested when oscillations are detected, and a parachute scheme corresponding to the last, viscous, and robust scheme of the cascade. Experimented on linear, Burgers', and Euler equations, we demonstrate that the schemes manage to retrieve smooth solutions with optimal order of accuracy but also irregular solutions without spurious oscillations.
Introduction
Numerical approximations of the steady-state Euler system date back to the early seventies with the NASA Ames group [42] . The development of an implicit time stepping algorithm [8] with high-order finite difference methods [9] led to the first simulations for two-and three-dimensional complex geometries calculated on Illiac IV Computer [43] [44] [45] . The steady-state was achieved as the limit stage of the nonstationary problem using a fictitious time step (time marching method) [50] . The main difficulties are, on one hand, to achieve an accurate approximation where the solution is smooth enough, and, on the other hand, to produce a robust solution without non-physical oscillations.
Most of the high-order technologies developed for the non-stationary case were adapted to the steady-state case with the time marching algorithm using an explicit scheme [27] or an implicit formulation [33, 53] equipped with a Newton-Krylov iterative procedure [40, 48, 50] with extension to the full compressible or incompressible Navier-Stokes equations [55] . Taking the time step to infinity leads to a Newton-Krylov method for the steady-state problem which represents an alternative to the time marching method [29] . Second-order finite volume approximations with MUSCL limiter [46-49] on structured [27, 52] or unstructured meshes [5, 16, 26, 34] revealed to be the standard approach in the nineties and have been widely developed. Unfortunately, the accuracy remains below the optimal value two due to an excessive limiting even for smooth solutions where limiting should not act to provide the maximum order. Moreover, higher-order methods are appealing because they may dramatically reduce the computational time since they provide an excellent approximation with coarse meshes on smooth solutions. Of course, shocks and vortices still require an adequate local mesh size to capture all the structures but high-order schemes prove to be efficient in reducing the numerical diffusion. For instance the kexact reconstruction [3, 4, 37] increases the method accuracy using quadratic or cubic polynomial approximations [35, 38, 39] . Nevertheless, traditional TVD (Total Variation Diminishing) limiting procedures drastically reduce the order of accuracy despite the construction of alternative limiters [36, 48] to enhance the quality of the solution.
More recently, Weighted Essentially Non-Oscillatory (WENO) technology [1, 22, 28, 51] delivers more accurate approximations while preserving the robustness for the numerical solution and it enables to achieve higher-orders than traditional TVD methods. The technique was to a later time adapted for the steady-state situation [30, 57] where complex geometries can be handled with local curvilinear coordinates [31] . The main difficulties lie on the non-differentiability of the numerical scheme leading to the creation of slight oscillations nearby shock discontinuities. More adapted WENO schemes then have been developed [23, 25, 56] to overcome the problem of convergence toward the steady-state solution. We also mention some interesting
